The effect of extended laundering on cotton fabric treated with Dimethylol dihydroxyethyleneurea (DMDHEU) easy care finish was investigated and the fabric characterised by crease recovery performance and the Kawabata Evaluation System for Fabrics (KES-F). The KES-F results indicated that the mechanical handle properties of the DMDHEU treated cotton fabrics were affected by both the levels of application of the DMDHEU easy care finishes and the stress relaxation of the fabrics in aqueous conditions.
Introduction
Dimethylol dihydroxyethyleneurea (DMDHEU) is applied to cotton fabrics in order to impart easy care properties such as crease resistance/recovery and dimensional stability. However generally the crease recovery performance is improved at the expense of strength loss and increased shear and bending rigidity [1] - [7] . Some of the detrimental effects of the easy care finish on the mechanical properties of the cotton fabrics can be reduced by incorporating softeners in the easy care formulation [8] [9] . In order to overcome the disadvantages of the DMDHEU easy care finishes, extensive research has focused on the polycarboxylic acids based easy care finishes and improved strength recovery has been reported [10] - [20] . However, DMDHEU still dominates the textile finishing due to its outstanding durability and low cost which attracts more attention.
Previous studies on the wash durability of the DMDHEU treated cotton fabrics as assessed by the crease recovery angle (CRA) performance and surface and bulk analysis indicated that the DMDHEU easy care finish applied to cotton garment is durable almost for the entire life of the garment [21] . An investigation on the wash durability of the DMDHEU on domestic laundering machines and wet cleaning conditions indicated that the easy care finish is less durable on domestic laundering machine than wet cleaning conditions due to the aggressiveness of the former. During the study, the hand (tactile) properties of the fabrics were only evaluated based on the coefficient of friction and geometrical roughness using the KES-F system. The surface friction of the investigated fabrics was found to be higher for the domestic laundering than wet cleaning conditions due to fibrillation tendency of the substrates in former. The effects of DMDHEU concentrations on the hand properties were not considered [22] .
In current study, the effects of extended laundering of DMDHEU treated cotton fabric on the fabric's mechanical properties as determined by the Kawabata Evaluation System for Fabrics (KES-F) were investigated.
The KES-F system was developed in Japan by a group led by Professor S. Kawabata in 1968 and came into operation 10 years later [23] - [26] . Originally the system was developed for objective evaluation of fabric "handle", and was also commonly used for product/process development, process control and optimisation. The KES-F technique measures the fabric mechanical and surface properties, Table 1 , at load levels typical of normal human handling and end-user applications and the objective measurements are correlated to subjective handle properties of the material. The acquired handle properties such as fullness, smoothness and stiffness can objectively be compared and adjusted for quality and performance control purposes. Fabric making up performance can be controlled by predicting problems such as seam pucker from the KES-F fabric "fingerprint" and fabric drape and other end-use characteristics can also be predicted from the objective measurements. Previous work suggested that the KES-F tests may be used for investigating the mechanical changes of fabrics during wet processing and it was reported that fabric laundering reduces stiffness and increase smoothness, softness and fullness of processed cotton fabrics [26] . The KES-F test was used to assess the effects of fabric raisings on comfort, hand and mechanical properties of artificial suede. The increased number of raisings caused the suede to have a soft and smooth surface and improved perception of luxuriousness [27] . The hand properties of woven and knitted fabrics were investigated using the KES-F and frictional analyser tests and the KES-F results indicate that there is a good correlation between friction and tactile properties for knitted fabrics but not for woven fabrics [28] . Furthermore the Kawabata system was applied on investigation on the effects of fabric movements in front-loading washers on hand properties. The study established a relationship between fabric movements and hand properties and the relationship could be used by the washing machine manufacturers on design of washing programmes of various types of garments [29] . The Kawabata system has also been tested and recommended for the paper industry for the determination of objective mechanical properties which can be used to translate the subjective handle properties such as softness/smoothness [30] . KES-F was used for investigating the performance of the TiO 2 as an easy care finishes for cotton material [31] .
In this paper the effects of extended laundering, with perborate and a non-perborate detergent, on the KES-F handle properties of the DMDHEU treated cotton fabrics was investigated.
Methodology

Materials
Scoured, bleached, 100% plain woven cotton fabric, 152 g/m 2 was supplied by Phoenix Calico, UK. Fixapret CP New (dimethylol dihydroxyethyleneurea, DMDHEU) was supplied by Dystar, UK. Magnesium chloride was supplied by Fisher Scientific, UK. The ECE non-phosphate detergent, ECE phosphate detergent and Tetra Acetyl Ethylene Diamine (TAED, 92% active) were purchased from the Society of Dyers and Colourists (SDC), Bradford, UK. Sodium Perborate Tetrahydrate (97%) active was purchased from Aldrich Chemicals Ltd., UK.
Treatment Conditions
Aqueous solutions of DMDHEU, 60, 100 and 140 g/L, and magnesium chloride , 12 g/L, 20 g/L and 28 g/L, respectively, were padded onto the cotton fabric at 80% wet pick up. The magnesium chloride was included in the padding solution as a catalyst during curing. The padded fabrics were oven dried for 2.5 minutes at 100˚C with subsequent curing for 4 minutes at 150˚C. The cured fabrics were rinsed in warm water to remove any finish residue and then air dried for further tests.
Untreated and DMDHEU treated cotton fabrics were repeatedly laundered, up to 10 cycles, in a Wascator FOM 71 MP washing machine using the 5A wash cycle programme. The machine complies with British Standards for domestic washing and drying testing procedures, BS EN ISO 6330:2001 + A1:2009. The washing was performed with 12.5 g of ECE non phosphate detergent in the presence and absence of 30 g sodium perborate and 4 g of TAED per wash.
Crease Recovery Angle (CRA) Analysis
The crease recovery of the fabrics was determined using the British Standard test method, BS EN 22313:1992 [32] , with at least ten replicates performed in both and the mean for both warp and weft (W+F) reported.
Kawabata System Evaluation for Fabrics (KES-F) Analysis
The samples, 20 cm × 20 cm, were conditioned at 65% R.H. and 20˚C for 24 hrs prior to testing. In this work only the tensile, shear, bending and compressional properties were analysed. The results presented were the average of three measurements taken along the warp and weft directions of the tested fabrics.
Results and Discussion
Examination of the CRA performance of the cotton fabrics treated with DMDHEU easy care finish indicates the CRA performance increased with an increase in application of DMDHEU, Figure 1 . When the DMDHEU treated cotton fabric was laundered both with/without perborate there were marginal decreases in the CRA performance in the concentration range of 60 -100 g/L DMDHEU, but the decrease did not reach the level of the control cotton fabric (0 g/L DMDHEU). This observation agrees with the previously reported information that the DMDHEU is durable even after extended laundering [21] . While the decrease in CRA performance with the number of washes was relatively small in the 0 -100 g/L range, the decrease was more obvious at the 140 g/L DMDHEU application level, Figure 1 . The nature of this phenomenon was discussed in detail in a previous study where the type of cellulosic crosslink introduced at varying levels of DMDHEU treatment was investigated. Figure 2 presents the effect of extended washing on the extensibility (EMT) of the untreated and DMDHEU treated cotton fabric, as measured by the KES-F system. Treatment of the cotton fabric with increasing concentration (60 -100 g/L) DMDHEU produced an increase in the fabric extensibility. In contrast application of DMDHEU at 140 g/L decreased the fabric extensibility below that of the untreated cotton. Fabric extensibility depends on the flexibility of the cellulose chain molecules to move. Application of DMDHEU crosslinks the cellulose chain molecules and thus restricts the mobility of the chains, while the aqueous padding of the fabric results in fabric relaxation and increased the fabric extensibility at 60 -100 g/L levels. At 140 g/L DMDHEU the fabric relaxation effect cannot overcome the crosslinking effect, thus a measurable decrease in extensibility was observed. Subsequent Wascator washing relaxes the fabric, breaks bonds and increased EMT. Perborate washing caused greater oxidative damage and hence reduced EMT marginally less relative to the non-perborate washing.
The effect of repeated laundering on untreated fabric was to increase the fabric thickness and compressibility, Figure 3 and Figure 4 . This increase was probably due to the fibrillation of the fibres and the formation of hairier and bulkier fabrics and stress relaxation of the fabric during washing. The effect of initial washing with perborate on the thickness of the fabrics treated with DMDHEU concentration was to reduce the fabric thickness T m and T o , Figure 3 and Figure 4 . This reduction in fabric thickness with the perborate wash treatment was probably due to its oxidative degradative effect preferentially removing embrittled surface fibres. Subsequently further fibres are able to become disengaged with the yarn structure, create a surface layer of protruding fibres and fabric thickness increased.
The effect of increasing DMDHEU application level was overall to increase the fabric rigidity above that of the untreated fabric, Figure 5 . However with the 60 -100 g/L applications the bending rigidity actually decreased due to the fabric relaxation effect outweighing the crosslinking effect of the formaldehyde-based crosslinker. Application of DMDHEU at the 140 g/L level increased the bending rigidity above the untreated cotton value due to the crosslinking. In general subsequent laundering relaxed the fabric, broke internal bonds and decreased the bending rigidity. Little difference between the perborate wash and non-perborate washings was observed. creased G for the 140 g/L application and untreated cotton fabrics. For other application levels washing increased G and again little difference between perborate wash and non-perborate washing was observed. Figure 7 presents the effect of DMDHEU concentration and extended Wascator washing on the shear hysteresis (2HG5) of the cotton fabric as measured by the KES-F system. Application of DMDHEU at 140 g/L increased 2HG5 due to crosslinking of cellulose chains in the fibre. Below this level aqueous padding relaxed the fabric and decreased 2HG5. At 60 -100 g/l the crosslinking/embrittling effect was counteracted by this relaxation. Subsequent Wascator washing relaxed the fabric, breaks bonds and decreased 2HG5 for the 140 g/L application and untreated fabric. For the other fabric treatments washing increased 2HG5 probably due to fibre surface modification increasing inter-fibre frictional interactions. Little difference between perborate wash and nonperborate washing was observed. Re-examination of the effect of repeated Wascator washing on the CRA performance, Figure 1 , bending properties, Figure 5 and Figure 6 and shear properties Figure 7 indicated that the 140 g/L DMDHEU treated cotton has the relatively largest decrease in CRA performance, bending and shear rigidity properties when compared to 60 -100 g/L DMDHEU after repeated washing. Previous research has demonstrated that crosslinking of cotton fabrics with DMDHEU concentrations at lower than 140 g/L favours tri-and tetra-functional crosslinks and the crosslinks are stable to extended laundering. However DMDHEU application at 140 g/L is dominated by unstable bi-functional crosslinks [21] . Hence the measurable decrease in CRA performance, bending and shear properties of the cotton 140 g/L DMDHEU treated, washed cotton fabric may be explained by the bi-functional crosslinks which are unstable to repeated Wascator washing and are prevalent at this higher application levels. Therefore the optimal application levels of DMDHEU easy care finish in cotton fabrics is anticipated to be in 60 -100 g/L.
Conclusion
Cotton fabrics were treated with DMDHEU at increasing concentration and the effect of extended laundering on the cotton fabric treated with DMDHEU easy care finish was investigated. The presence and durability of the easy care finish on the cotton fabric was monitored using the CRA performance. The CRA performance test results indicated that DMDHEU treatment at (0 -100 g/L) was stable to extended laundering conditions, however the 140 g/L treatment was significantly affected by the extended laundering conditions and can be explained by the nature of crosslinking between cellulose polymer and DMDHEU at varying concentrations. The KES-F results indicated that the handle properties of the DMDHEU treated cotton fabrics were affected by both the level of application of the DMDHEU easy care finish and the stress relaxation of the fabrics in aqueous conditions. It was evident that the presence of perborate in the wash formulation had relatively little effect on the fabric handle properties above that observed with laundering with the non-perborate formulation.
